Modern livestock necessitates controlled breeding, one of the main methods of which is a long-term preservation of animal reproductive qualities at cell level. In recent years, a considerable progress has been achieved in the development of techniques of animal sperm preparation for in vitro fertilization (IVF). In these, the main purpose is to obtain population of motile sperm with a suitable morphology capable of in vivo or in vitro oocyte fertilization. However, these methods are not always effective because of the lack of standards for the procedure. We first in Russia carried out a study on the viability of ram sperm cultured in the modified IVF medium. The semen was sampled from North Caucasian rams, 2-3 years of age, according to a routine technique, used for sheep and goats' artificial insemination, and domestic State Standards GOST 32222-2013. Sperm was evaluated on organoleptic and microscopic parameters, and cultured for capacitation to render the spermatozoa competent to fertilize an oocyte according to the prototype procedure, described by A.P. Gandhi (2000), and the method, developed by us. In the modified procedure, the sperm is brought to glucose-yolk-citrate diluent (GYC) and then transferred to medium SOF wash, prepared without glucose and supplemented with glutamine with 6 mg/ml bovine serum albumin, 0.2 mg ml caffeine and 50 mg/ml heparin. The developed technique increased the activity of sperm by 1.3 points compared to the commonly used method, the number of live semen increased by 43.7 %, their vitality increased 1.6 times and the number of spermatozoa with rectilinear movements was 1.6 times higher. Thus, the developed technique significantly improves ram sperm qualitative and quantitative characteristics and allows us to recommend this method of animal sperm maturation for in vitro fertilization procedure.
Key factors of animal productivity are genetic improvement and suitable conditions for phenotypic manifestation of the genetic potential [1] . Reproductive biotechnologies are being improved in Russia for many years [1] [2] [3] [4] . There are reports of transplantation [5] , producing embryos and the use of thawed semen [6] , preparation of bull spermatozoa for in vitro fertilization and increase in their fertilizing capacity [7] , morphological evaluation and increase in the boar semen capacitation [8, 9] . The experience of foreign researches is based on the recognition of the advisability of in vitro fertilization (IVF) fresh sperm [6, 10, 11] .
However, to improve IVF, it is the sperm quality that remains critical. Auxiliary reproductive technologies (ART) include a variety of procedures for separating the most viable germ cells from the seminal plasma for ovum fertilization. The main purpose of these techniques is to obtain a population of mobile spermatozoa with a suitable morphology and ability to fertilize the oocyte in vivo or in vitro. In capacitation (maturation, incubation), the movement of spermatozoa changes from regular wave-like to whip-like due to biochemical modifications of cell membrane (a similar process occurs in isthmus) [12] . In the acrosome, the glycoproteins and proteins of the seminal plasma are removed from the plasmalemma, which contributes to the acrosomal reaction [11, 13] and allows to remove dead spermatozoa, extraneous cells and their fragments. In vitro capacitation takes place in special media such as Krebs-Ringer and Tyrode, Brinster with high ionic strength, BW, TS-199 with fetal serum (10 %) or bovine serum [14] . The cells are separated in various ways -by once or twice washing the spermatozoa in a culture medium with further centrifugation; by flotation methods (including swim up) based on spermatozoa self-migration or sedimentation; by centrifugation in Percoll density gradient to separate different types of spermatozoa and choose those with appropriate morphofunctional properties, etc. [5, 15] . Filtration is the least common procedure, but it is worth noting that filtration is only applicable to samples of good quality, and because of the complexity this procedure is not applicable in veterinary [15, 16] .
Despite the wide arsenal of technologies, the question of which method is most suitable for sperm in vitro processing remains discussible.
The novelty of our research is the development of an improved method for the preparation of ram sperm of for in vitro fertilization. The proposed procedure significantly improves the qualitative and quantitative characteristics of spermatozoa and can be recommended for practical use.
The purpose of this work was to study the viability of ram spermatozoa in a modified medium for in vitro fertilization.
Technique. In the experiment, North Caucasian elite rams (n = 6) aged 2-3 years were sperm donors. The animal weigh ranged from 107.5 to 110.6 kg. The ram sires productivity conformed to the requirements according to the practical guidelines ("Procedure and conditions for evaluation of fine-wool, semifine-wool of meat breeding sheep", Moscow, 2011). Sperm was taken urethrally 2 times a week at 2 day intervals in vivarium, using the artificial vagina (Minitüb GmbH, Germany) as per the descriptions [2, 17] .
The samples were evaluated organoleptically and by microscopy (Mikmed-2, LOMO, Russia, ½100 magnification) [18] . Light microscopy was carried out in accordance with the WHO guidelines and RF State Standard (GOST 32277-2013) [15, 17] . Resistance of spermatozoa was assessed according to V.K. Milovanov and A.I. Korotkov as the change in activity in the presence of NaCl. The samples were stained with 10 % nigrosine (OOO TPO Lenpromchem, Russia) and 10 % eosin (OOO Chemical Line, Russia) [17] .
As per a prototype-technique that we described earlier [19] , fresh ram sperm was kept in a SOF (Synthetic Oviduct Fluide) wash medium without glucose with 4-(2-hydroxyethyl)-1-piperazinethanesulfonic acid (HEPES, pH 6.8-8.2), sodium lactate, sodium pyruvate (0.127 mg/ml) and bovine serum albumin (3 mg/ml) (ООО Origigio, Russia). To increase the activity and viability of spermatozoa before fertilization, we used the author's technique (hereinafter the developed technique), according to which the sperm was added to a glucosecitrate-yolk diluent (GCY), prepared according to RF State Standard (GOST 14746-69) which contained glucose medical anhydrous (30.0 g), sodium citrate Na 2 C 6 H 5 O 7 Ł5.5H 2 O (14.0 g), egg yolk (200.0 ml), spermosan-3 (750-900 thousand units (ChPUP Gomel Plant of Veterinary Preparations, Belarus), and distilled water (1000.0 m)l. Then the sperm was transferred to the SOF wash medium without glucose and glutamine with the addition of bovine serum albumin (6 mg/ml), caffeine (0.2 mg/ml) and heparin (50 g/ml).
The swim up procedure was performed in the SOF wash and GCY cul-ture media using centrifugation at 200 g for 8 min (Sigma, USA), after which the samples were placed into the CO 2 atmosphere at 37 C for 1 hour (CO 2 incubator, BINDER GmbH, Germany). The data statistical processing was performed in the Primer of Biostatistic 3.01 program (McGraw-Hill, Inc., USA), using Student's t-test. Differences were considered statistically significant for p < 0.05. The table shows the mean (M ) and standard errors of the mean (m).
Results. To determine the efficiency of sperm processing by the prototype technique and a modified procedure, we compared the most important spermatozoa indicators (activity, resistance and the number of active spermatozoa with rectilinear motion). Evaluation was carried out before and after the swim up procedure, as a result of which spermatozoa cells were capacitated (Fig., Tables 1, 2) .
We found that with SOF wash medium prepared by the prototype method, the activity of spermatozoa before the swim up procedure decreased by 70.9 % compared to normal values, and after the swim up procedure increased by 14.5 %. Thus, after spermatozoa maturation in SOF wash medium the activity indices decreased significantly (by 47.6 % at p < 0.05).
The proportion of spermatozoa with rectilinear motion in fresh sperm placed only in the SOF wash medium decreased by 47.9 % before the swim up procedure and slightly increased (by 11.4 %) after the swim up, remaining, however, below the approved standards. The ratio of active spermatozoa after swim up was 53.2 % reduced. Since the number of germ cells in the sperm should be at least 80 %, low values (46.8 %) indicated the unsuitability of the sample for fertilization. units. In our study, this parameter decreased by 54.06 % in the SOF wash diluent, and increased after the swim up by 21.00 % reaching 18.48±0.20 to 14.23±0.40 thousand units before the capacitation and 18.10±0.30 to 23.10±0.30 thousand units after the capacitation, but this did not correspond to the normative indicators.
Thus, the SOF wash reduces the viability of sperm and should not be used in processing sperm samples before in vitro fertilization.
It was found that the index after introduction into the GCY was 5.6 % lower compared to the standard before the swim up procedure and significantly (p <0.05) decreased by 2.1 % after swim up. In total, sperm processing according to the proposed method reduced activity by 7.7 %.
The number of spermatozoa with rectilinear motility in GCY, as compared to the initial values, decreased by 6.2 % before swim up and by 7.9 % after this procedure. The number of active spermatozoa in the sample after introducing an aliquot into the GCY medium significantly decreased by 5.7 % before the swim up, and by additional 9.5 % after the capacitation was compeered. These indicators are within the normative values for the number of active spermatozoa in the sample according to State Standard. Spermatozoa resistance at the modified capacitation remained within the norm (i.e. decreased by 2.7 % before swim up and by 9.1 % after swim up).
In addition, we described in detail the viability of spermatozoa when applied SOF wash + GCY in norm, before and after the swim up procedure. A comparison of spermatozoa activity suggests that the significant difference between fresh sperm and that processed by the prototype technique is 1.4 points downwards, while in both methods the difference after maturation was 1.3 points. The proportion of spermatozoa with rectilinear motility in the samples prepared according to the developed method was 1.8 times higher before swim up procedure and 1.6 times higher after swim up compared to the samples processed according to the prototype technique. In the SOF wash + GCY media, before swim up, the number of active germ cells was 47.2 % (that is, almost 2 times) more than in the SOF wash. After the flotation procedure in SOF wash + GCY, the number of active cells increased by 43.7 %. Before the swim up procedure, the resistance of spermatozoa in the prototype technique was 2.1 times less than when using the developed technique. After the swim up of the spermatozoa in the SOF wash + GCY media, they were 1.6 times more viable than in the SOF wash without GCY.
In reproductive biology, the development of procedures for germ cell maturation and fertilization in vitro is an important fundamental and applied research area [20] [21] [22] . Admittedly, the processing of fresh sperm has not received sufficient attention, although this is an important factor in successful fertilization to produce healthy offspring (23) . Papers in which the results of a study of the spermatozoa morphology during preparation of rams ejaculate for IVF are presented, are practically absent [24] . Currently, the researchers from Stavropol State Agrarian University are the only ones in Russia who developed in vitro fertilization in ewes and the use of frozen-thawed ram sperm which results in embryos successfully produced in vitro. The technique developed for the ram sperm pre-IVF processing significantly improves qualitative and quantitative characteristics of spermatozoa, and, therefore, it may be used in assisted reproductive technologies for in vitro fertilization.
So, we showed that the proposed modification increased spermatozoa activity by 1.3 points compared to the existing technology, while the number of active spermatozoa increased by 43.7 %, their viability increased 1.6-fold, and the number of spermatozoa with rectilinear motility was 1.6 times higher, which is associated with a specific effect on the sperm of glucose, sodium citrate and egg yolk. An increase in the qualitative and quantitative characteristics, achieved due to the proposed method, makes it possible to increase the efficiency of in vitro fertilization and the production of healthy offspring.
